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Association between gas cooking and respiratory disease 
in children 

RJWMELIA, GduV FLOREY, D G ALTMAN’, A V SWAN’ 




Suminao* 

A four^ycar lonfiiudihal study of the prevalence of 
respiratory sympioms and dUcatc in schoolchildren and 
related envirunmcntal and socioeconomic factors it In 
progress. We report results for the first year of this study 
(1873). 

A lota! of S7$8 children aged € to 11 years frorp 2ft 
randomly selected areas of England and Scotland were*, 
•aamined.lnamanalysisof the c ffcct son health of possible 
Indoor pollutants, hoys and girls from homes In which 
gas was used for cooking were found to have more cough, 
^ootds going to the chest*', and bronchitis than children 
from homes where electricity was used. The girls also 
had mure whecec If their families used gas for cooking. 
This **cookihg effect** appeared to be Indi’pcndcni of the * 
affects of age, social class, latitude, population density, 
family slie, overcrowding, outdoor ks’cls of amoke and 
sulphur dioxide and types of fuel used far heat ing. It was 
concluded that ele%rated levels of oxides of nitrogen 
•rising from the combustion of gas mlght hc the cause of 
the Increased respiratory illness. 


introduction 

Kv-NpitJUfiy di>csw is a niajor cause of childhiHsS morbidity. 

tif ropiruuiry diMTJwr have been said to predbpow 
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children te acute respirator}’ disease in early adulthood,* which 
may in turn predispose them to later chronic respiratory 
disease^—a aui%v cause of morbidity and morulicy among 
older people in the Uniu*d Kingdom.* * The burden of chronic 
respirdtk«r} disease tnight be reduced if cmironmcnul hazards 
known uv be associated I with acute respirator)' disease in child- 
hiNHl were altered or removed. 

OuiJitor air pollution has been repeatedly shown to be related 
to the prevalence of respiratory illneu in children' * and i our 
dau have suggested that the relationship may exist even at 
rcUtiveiy lov. kn’els of pollution.* We examine here the relicion 
betu’cen respirat$r\* illness and indoor air pollution arising from 
cooking fuels. The two fuels predominantly used in the home 
for cooking are electricity and gas. The former causes negligible 
pollutioni but the latter gives rise to a range of pollutants on 
combustion. 


Methods 

I'his pruteci was pan of a larger study of the healtlf and growth of 
primari wh<A>lchiUkn which sianed in 1872; Twent>«two employ¬ 
ment esc hange areas in England and six in Seoilmd were selected 
from a loul of areas b> stratified random samplmg so that poorer 
arvat w’ere pruponionatet)* better represented. Deuib of the tamplmg 
meihud have Iwvn published elsewberei* 

The study pjpuLuaon cuostsied of all children aged 0 to II in 
seleeied pnnur;. schools within eachof the 28 areas wbo were followed 
up in 1^7). During this sear questions on respiratory tUncu and! the 
tMH* ul'lue; Used ilor cooking in the home were added to the question- 
juire. Out ©i 912^ white ehildfee seen in 1972 7H5:I w ere rc-examined 
m |07t o . 

Information about rv^iraiory* tympioct* experienced during the 
previous 12 months and ^ivod;*s of hrocuthitis and asthma was 
teoucftedi in a self •administered questionnaire completed by the 
children's parent or guardians.' The question about the oaoking 
fMliuwd at home was: Do you cook by dcctricity. gas, coal, other 
iif ocher, please specify) > There was a similar question for the main 
fucii used I for heating and ocher questions lO 'elicit socioeconomic 
information. The children were classihed!according to their Uxhcj%* 
sKcupaiions^ into the six social cLSss groups dv'hned by the Registrar 
General ' No qucsiintu were asked about parenul sm^ing habits. 

C>utJtA>r smole and su1phur> dioxide. <SO,^ were sampled over 
24«hour periods at or near the siud) schools so 10 of the areas, using 
the daily smoke SO^ sampler;** 
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Of the children 314 «Trt excluded from the •nah'tii hecause 
they c^mc from homes m uhich coat or a .mixtufc of fiielt i«*9S v^cd 
Ibf cooking. There m*a$ no mformaiion on coe4:ing;futfH for of 
the remaining 7617 children, which IWt 6747 children who came fromi 
homes m which either electricity Ofi fo' OTk\\ wai i»edifor eookrnf 
Data (on agcTtnETibcinl ctass and rc^r«'n^c« to all aix qveatior.s on, 
fetpirainry symptoms and diseases) uvrr complete for 575n of these 
children: lived in houses where elearicicy w-at used for cooking; 

and 3554 in homes where gat w-u used^ 


Resultt and comment 
stMPit mn AUCKCcs 

In each cate the prevalence af each mpintofy t y m p tom md disease 
am higher in bos tand girU from hoom wbm |« tm incd (cab)c^l^ 
The difkrtncca in presahmee between the two groups of chiUrcn were 
tignifioant (f ^rO OS) foi hronchma, day or night cough, and cotds 
going to the chett ia horh aexca and, in girls, Ihr all otbertymptoma. 
Fm aknce ratea were higher in hoys tlian ia girls. 


COMFAJIISOKS OF RtSflRATOCY ILLMtSS AUm*iKC POt ICLATgD TACTOas 

The prevalence of ayvopsomt and diseases in the childien was 
greater in the lowvr than tn the upper social classes and declined with 
age. Since the proportion of children toisocial classes li II, and III 
(non-manual) was higher among those from homes where electricity 
was used for cooking (table II) and there were minor differences in 
age hcfwatn the two groups of children, tt was tmporum to allow 
lor the effect of thru factors in the anaU tes, M6rcos*er, the anahsis 
fhowD in ubie 1 did inor lake into account the lact that tome children 
had more than one symptom or discaae. fbnutmely a new* computet 
package-»CLIM (Generalised Lmtar Interactti^e Modeh}—which 
has a dicilityy for fitting log^lmear models'* to frequency data has 
become available. These models are particularly auitabk fox analyeihg 
the relation betw^ a set of factors and a catcgoricat response when 
the response cannot be sensibly represented on a quantitative scale. 
This is a considerable achwAUge erer more commooly waed methoiti 
wrhich require the construction of a scotti with associated assumptions 
of normality and the necessity for mtcrswls on the scale to ha\x some 
quantitative tnterpreution. 

To carry out this analyiis we prepared a act of response categories 
wing histories of bronchitis, colds going to the chest, and the three 
•ymptoms (day and night cough, morning cough and! wrheeac). 
Children reported to have asthma were excluded from the srulysis. 
Although the analysis technique did Inot require it, we used a sequence 
of categories related to incrcasinf arverity of mpiratory' illness to 
simplify the interpretation Because there Wfas no ^nbusly conrm 
way of doing this we ehtfse tht simplest. A count of the positive 
responses to the five questions on symptoms and diacaset was itud 
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to define the following four categories: (! ' no symptom or diseasei 
{3» one syrr.ptnm or diwau,;i(l):two symptoms or diseases; (4> three 
or more syir.pt«*nis or diVaveSi 

Sinrc the prevalence of symptoms and disease diffvrcJ between the 
fcrxcs* Nns and girU were anjiyacd separately Tii uhin each sc* the 
children were divided tniu eight subgroups, according to vicial class 
fill or above; or clan III fw.vnmjO or age 

(below n years; or R years and over,*; and the lypi- of eoidcing fuel uved. 
U'lihin each subgroup ihi distribution-of the children among the four 
categories of respiratory illness was determined I (tabic III). These 
distributions for all the subgroups were then analysed usmg the lo|> 
linear model i facility m the general I linear model -fitting program*^ to 
test wheth^ there wvre tysiematic and consistent diffcrcnecs between 
them related to social cUss, age. or ty*!^ of fuel. This technique haji 
obvious adv'antages ever the r<lativ<*risk approach, wiith its require- 
mem that the response caicfortcs he compressed mio a dichotomy, 
with a ronsequent lost of information. 

As expected, the analyses for both sexes show cd that the proportion 
hi the more aesTre catcg^irics of respiratory illness wrat greater in the 
lowYT social class group than the higher group TF • 0 01) and greater 
for younger than for elder children (F • 0 01An nioeiation between 
greater scsericy of illness and the use of gas for cooking w*ai also found 
after allowing for the effects of aocisl cltss and age *F 0i)7 for boys; 
P • .0 001 for girls). In other wmds, in the gas cooking gmups the pro* 
f>Oftion of children in the more severe illness catcgoriet increased at 
the expense of those tn the less aesert categories. Thus if girh aged 
tmder 8 years and from social class 111 (uijwiuf) or bclowvare ukm 
. as an example, 11 of chose from homes using electricity had two 
or more diseases or aympioms compared with 16".. of those from homes 
ttsmt gai: 

Effects due to latitude and the degree of urbaniution might also 
have biased the results; so the analVsts w*as extended to include thcK 
factors. To represent latitude the areas were grouped into thrn 
regions: Scotland, EngbnJ northi of the line fninihg the Btisiol 
^ Chant\el tc the 9E'ash, and England south of this Nne Urban and rural 
* areay were defined according towhether they had a population density 
above or bcldw people hectare. As this extended analym wus too 
brge for our computer facility, urban and rural areas were arulysed 
separately and the respiratory illneu categoric 5 and 4 combined i 
into one This also helped to ensure adequate numbers in each cate¬ 
gory within the 40 luhgroups. 

Allowiing for the effect of these factors in the anahan made no 
difference to the direction of the relationships efi illness sex-erity with 
age and sccul class, although the associations did not alwwyt reach 
Statistical tignificance. A rebtion w*ith btitude did cmergci but this 
•temed to depend on the degree ofurbanisation. For rural areas there 
was some evidence; coofinedi to girls, that there wwi more illness tn 
aouthern Engbnd. For urban isrcas, on the other band, the proportion 
pf children in the more severe categories was highest tn northern 
England and lowest m the south (F ->*0 001 for boys; and F * 0 005 for 
girlSvV This finding is ditficult to explain simply, although it could be 
argued that btitud6 has no effeet tn niral arcas—Hhst it the significant 
mult for the girls was a chance one, while m the urban areu the 
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cfllxfo lyUnivJ chtf psncrn ofw might have expected given themore 
intense irulustruliiatiiio of the oorrh^ 

The oHMWtJtkm hccvi'ccn the ihktrthution gmcmg the mpintor>’ 
tflfWMi caiegiiriet tnJ the 15 ‘pe of vouktng loci wet still xppjrcfii cten 
ofier ilww irxirii feeiiirk »\tc uken inio oeeiMim. The proponion of 
chiUren «iuh morechm oiw diwaM; or svinptom «m still higher aimMig 
thiiMr from tueiMrs where gut W'ni used fi«r cooking. Bui thh aftociuiitin 
signiticiini unU for girli in urban an»t ;r O u);Mlioagh > the 
trenJ ma% in the wine direction fur both sexes in urbun anJ rural areas^ 
In tact the girh in rural areas and the buvs in urban areas the 
OfsuciatHm wasntu far from signiheanee fB ' ll 10;. 

Although «e alkn\-ed for the effects of btiiudc and ilcgree of 
orhontsaiion by classifying the areas into aix groups if was still 
possibK* that some of! the cooking effect could have been explained 
by the diflerene<» betmoen the areas within each group. As it was 
impractical to dividi? the children mio still more aub*groups wc cx« 
panded the area groups to 2h at the expense of the Tcspirator)' illness 
catcguriest which were reduced 10 two (those w'lth and those w-iihout 
•>imptoms or diseases j. Using a logistic transformation of the propor* 
tkm of children m I he illness categuries as the outcome %*arubk, wx 
obtained tvry simibr resulu to our hrst iog*bncar mode) analysis. 
Alter allowing fur the effects of social clau, age, and iarea.thcre o'ista 
xigniticanf avAsciattun of symptoms and diseases with the use of gas 
for cooking in girls (1^ • 0 05^4 and, alihuugb the effect did not reach 
iignihcancc in boys (P « 0 Vi), it was in the same direaion. 

Wc also considered other factors that might hasx affected the 
comparisons, such as the number of siblingi, overcrowding in the 
borne, fuels used for heat mg and atmospheric smoke and SO* kveU. 
0au for these tariahles were, however, missing for many of the 
chi Idren, so only %xr> smalJ numbers remained within the occcssary 
auhgroups. Thus the results from theK* analyses w ere not so con¬ 
clusive and w ill heed icontirmatiun by study of the more complete dau 
ouw’ being collcaedJ Konc the less, when these factors were uken 
intu aceoum, the proportion of children witth one or more respiratory 
a>iniptunis or diseases remained higher in both boys and girls from 
homes where gai was used. This approached aignilicance tn girls 
<P a0‘10> but not in bo>x. 


Disctifsion 

basY showti that Midfcnitam biiniea where pis b used 
Ibr cixiking have a higher prevalence of rcip^iratory symptoms 
end disease: I'his may be due to pollution of the indoor atmos* 
phere by the products of gas conibustibn, but other faaors 
ofsociaied w*ith gas cooking and respirator)’ disease may atiU 
underlie the findings. So far as possihk wx hayc madc allowwnces 
for most ufi the obs'i«>us faaors. Although the grouping of 
social class which ue had to use was rather broad. ,the differences 
in the use of elcarictty and gas hctwxen the social class groups 
were quite small (ublc 11). Oa the mbcT hand* «« could M 
fneludc family smoking habits in the onalyaHV hut the known 
rdatkm between tnuiking and social dass** hm ttlow*ed ut to 
ovioidlat least some of the potential bias from this foufce. It 


teems itfilikeiy that within our loctil dais groups there w*ti a 
highet pres*alMe id amuking in humci where gas wts ufcdifor 
oouSdng. 

The main cunstituenu in the cmisstom from a gas cooker are 
O:. CDs, and water vapour, with amall imoums of CH«, 
C^Hit ind other hydrocarbonii CO. NO. NO^ and various 
aldehydes. Other poHuumu. such as HK. HCl. and HBr, can 
be formed as a resuh of residual aerosol ipray vapours in com¬ 
bustion air passing through the flame on cooker. 

Repuru" indicate that the concentrations of oxides of 
nitrogen emitted from gas cookers are abus e those recommended 
in the US Primary Air Quality Standards'* and I Emergency 
Episode Oitcria Guidelines.'* The maximum Ics cl recununended 
for the annual arithmetic mean is 0 P5 ppm, and the alert levels 
for the 34-hour and one-hiMir averages arc 0)5 ppm and 0 6 ppm 
respeciivcly. Derwent and Stewart^' have rtponed that the 
concentrationi of oxides of niuogen taken as a w hole that arc 
cmincd'from a gas cooker range from 8 to 31 ppm. Wade // 
found chit over a tw^o-week period the average concentration of 
NO^ in kiuhens where a gas cooker wws used was mxr 0-05 ppm« 
the maicimum recommended ambient level. The}* also showxdi 
how* the concentration in different pans of the home fluctuated' 
w*ith the use ol the cooker, and reached average kvels of over 
015 ppm for two hours in the kitchen. 

Utile has been published about the effecu of these gases on 
human health. Repoits of human exposure have been confined 
to agricultural and industna) accidents, In wihicb adulu have 
been suddenly exposed to very high levels of NO and NO,, 
with resulting extensive pulmonary oedema. These levels wYre 
much higher than those emitted by gas cookers.'* '* 

* Information on the effects on hi^th of )ovv-le\‘cl exposure to 
NO and NO, has come from animal and epidemiolo^cal studies. 
Mice have ^n shown to have an increased susceptibility to 
infection by KUhuilk pnetmuMitoi when first exposed to con¬ 
centrations of NO, of 3-4 to 25 ppm'* for about cw*o hours. 
Shy #r o/. reporting tome of tlW Community Health and 
Environmcnul Surveillance System stuiiesi*' attributed ^ a 
tnodv^t dcacasc in the respirator)' function of children aged 7^ 
tu exposure to a yearly average concentration of oiitdbor NO, 
of 008 ppm. Their mcasurements of NO, haw since, however , 
been shown to be highly, correlated w*ith SO^ concentrations, 
and the effects of the twxi pollutants could not be separated.** 
V’c have found only one repon ofstudies similar to ours, which 
were carried out in families living in a suburb of Columbus, 
Ohio, and on Long Island, New* York.V In oontrait to our 
findings^ riic authors found no association between respiratory 
dii>easc and the use of elenricity or gas for cooking. 

SOj is also given off during the burning of gas and is pbten- 
lially harmful to hetUK. Bui the sulphur content of gas is legally 
limited and the levels of SO, produced are likely to be very much 
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kmicr than thou currently bcHe%*cd tu have advene effectv on 
• bcalthv Thus it accmi unlikely that this |K)Uuttnt uould have 
caused our findings. 

Possibly the combustion producu of coal gas and natural l gai 
differ tn itnme*relo*ant u^y. v;'e could not aeparate the tffeai 
of the tuo types of gav because most of the ctudV arcas under- 
oent a I changeover from toun ti» aaturml gas during 1971 , and 
the children u^crc exposed to the products of comhustion of 
both gases. 

The rrUtton between gas cooking and mpiraiory disease 
actms to be stronger and more consistent for girls than for boySi 
•I would be expected if girls spent more time in the family 
ktteken. U this k the ease, and I the difference betw^cen the sexes 
h purely the fcsuh of differing ensure. It seems likely that 
Increased venulnion might be suffident to dispet any risk. 

Nevertheless, deuiled metreh k required > to determine 
trhethcr the tclationi we have found k realty due to a diren 
affect of the produiis of ps combustion i on the respiratory 
tract before more compliated measures for the protection 
kealth are considered. 
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athtt m e mb ers of the study team; and the aurscsi teachers, and other 
asskiants In the study areas. We also thank Mr Robert V^allcr from 
the MRC Environmental Haxards Unit at Si Bartholomcw'i Hospital 
Medical School and Dr Stuart Reed from the Setentifu: Department^ 
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Summaty 

The Ames De»trosilx*Eyctone ayttem was evaluated for 
anonlioring the blood glucose eoncentratlon during 
Ifi$u1in*ln(luced hypoglycaemia. The results agreed well 
with lahoratnry %aluc«^ for plasma glucose^ obtained 1 by 
an arthotoluidinc met hod; and the tneth^ was prac* 
ticahic as a bedside technique^ In tw'O eases quick results 
abtalnedi with the Eyetone rnabied the Insulin taleranee 
test to be interrupted to pres*ent aevere bypogtycacmla 
before the clinical ihdieatlons were obvious. The extra 
dme and effort required were tniiilfnal« and lu value 
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•eems to far outweigh the disad^mnta^ge of the extra work 
entailed. Keverthelessi care fai itsihg; the ayatem was 
isnporunt^ and the operator must familiarise himself 
with the aystem before the moat reliable reaults can be 
obulaedl 


Introduction 

The best salidateJ test of piiutur}' grouth hormimc (CH) 
release In man u the insulin > iterance test (mi* which allows 
CH and ACTH produaion by the pituitary to be assessed 
aimultancDusly.* test k especially useful ai thyrotrophin- 
releasing hormone rTRH)land gonadotrvq:ihm<^relcating hormone 
<GRH) may be given at the same time so that pmlactm and 
fonaJotrophin secretion can be assessed simulianeously. 

Adequate fa>'pog|ycacmia must be achieved bufeur the ITT 
can be comiJered to be satisfactorily complied. Hjpoglyctcmia 
k generally recognised from the clinical signs (such at sw eating) 
and, rctrospeaivcly, by seeing that the platmii gliicow con* 
cenrration Has fallen by at least 50' .. from the fasting value 
and is below’ 2*8 mmol 1 (5('mg 100 ml) at the nadir.* Because 
of this and of the danger of severe h>Tc^lycaemiai especially 
in young children, there have been extensive searches for other 
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